Radial velocities from the 2.1 m telescope at McDonald Observatory and the coudé feed telescope at Kitt Peak National Observatory are used to determine new spectroscopic orbits for the double-lined spectroscopic binaries HR 2962 (F5V), HD 214686 (F8IV), and 16 Psc (F6Vb vw). The new orbital dimensions (a 1 sin i and a 2 sin i) and minimum masses (m 1 sin 3 i and m 2 sin 3 i) have accuracies of 0.1-1%. In the case of HD 214686, which has components of nearly the same mass (m 1 /m 2 = 1.0080 ± 0.0013), we confirm that the component labeled as the primary in previous spectroscopic studies of this system is the slightly more massive component. We find that in HR 2962 the primary is rotating much more rapidly than the pseudosynchronous rate, while the rotation of the secondary is slightly faster than pseudosynchronous; in HD 214686 the primary is rotating at the pseudosynchronous rate or perhaps slightly less, while the rotation of the secondary is pseudosynchronous; and in 16 Psc both components rotate somewhat more rapidly than the pseudosynchronous rates. The three systems, which are of naked-eye brightness, are good potential targets for resolution by modern optical interferometers and so are promising candidates for full determination of their orbits and associated precise masses and distances.
INTRODUCTION
If a binary is resolved as both a spectroscopic and visual binary, a full determination of its three-dimensional orbit is then possible. The spectroscopic orbit measures its linear size, while the visual orbit determines its orientation in space, and both types of orbit measure its eccentricity. Not only is the full orbit determined, but also the masses of the component stars and the distance to, or "orbital parallax" of, the system are fixed. Thanks mainly to advances in ground-based optical and nearinfrared interferometry, the last 25 years or so have seen an increasing number of long-known spectroscopic binaries interferometrically resolved as visual binaries with consequent full determinations of their orbits, component masses, and distances. See Quirrenbach (2001) , for example, for a review of progress in optical and infrared interferometry and a listing of spectroscopic binaries which have been resolved interferometrically and had their full orbits measured. More recently, a few additional systems have had their three-dimensional orbits determined (e.g., Hummel et al. 2001; Boden et al. 2006) and their resulting individual and system parameters compared with evolutionary theory.
In our series of papers, we report the determination of revised spectroscopic orbits for bright field spectroscopic binaries. The systems are of naked-eye, or near-naked-eye, brightness and are thus accessible to interferometry. The primary benefit of the program is the provision of new spectroscopic orbits that are a great improvement over those currently available in the literature, which mainly date from the photographic era of astronomy, and will complement prospective future interferometric observations. For some systems that hitherto have been known only as single-lined spectroscopic binaries, an additional benefit is the detection of the secondary spectrum and measurement of secondary radial velocities for the first time. Our program uses new, high-resolution, red-wavelength spectra obtained with the 2.1 m telescope at McDonald Observatory and the coudé feed telescope at Kitt Peak National Observatory (KPNO)-see Fekel & Tomkin (2004) and Tomkin & Fekel (2006) for further details.
Our initial paper in this series (Tomkin & Fekel 2006 ) provided orbits for three systems: RR Lyn, 12 Boo, and HR 6169. Here we report new elements for three spectroscopic binaries with eccentric orbits: HR 2962, HD 214686, and 16 Psc. Table 1 gives basic data for the systems. All three are already known as double-lined spectroscopic binaries; in HR 2962 and 16 Psc the strengths of the primary and secondary lines are not greatly different, while in HD 214686 they are very similar. The most recent spectroscopic orbit determinations in the literature are by Harper (1926) for HR 2962, Bond et al. (1978) for HD 214686, and Cayrel de Strobel et al. (1974) for 16 Psc. We now look at the background of each system individually. Perryman et al. (1997) .
to infer an MK spectral type of F7 V for both stars in the system. The orbital period is 21.7 days, and the orbit is quite eccentric (e = 0.41). The system is notable for the similarity of its spectra and near-equality of its masses. Sanford (1931) announced HD 214686 as a binary and made the first determination of its orbit, which used 61 blue photographic spectrograms obtained with the 100 in and 60 in reflectors at Mount Wilson Observatory in the years [1927] [1928] [1929] [1930] . As a result of the low resolution of these spectrograms (dispersion 37 Å mm −1 ) and the eccentricity of the orbit, the primary and secondary lines were resolved on only 20 of these spectrograms, and these were limited entirely to the periastron branches of the velocity curves. Bond et al. (1978) have redetermined the orbit. They reported two sets of radial velocities; a first set based on 22 spectrograms of 6.6 Å mm −1 obtained at the Lick observatory 3 m coudé between 1970 and 1976 and a second smaller set based on observations made with four telescopes at four other observatories between 1972 and 1977. Rather than giving a solution of their combined velocities for the orbital elements, they chose to give separate solutions-one for each set of velocities. The two sets of elements are in good agreement, with the exception of K 2 , which is distinctly smaller in the solution of the second set of velocities. We note that because K 1 and K 2 happen to be very similar, this means that in the solution of the Lick velocities K 2 (= 55.9 ± 0.35 km s −1 ) is marginally larger than K 1 (= 55.1 ± 0.26 km s −1 ), while in the solution of the velocities from the four other observatories K 2 (= 51.6 ± 0.7 km s −1 ) is smaller than K 1 (= 56.9 ± 0.7 km s −1 ); thus, in the first case the secondary is the less massive component, while in the second case it is the more massive component. Remarking on this discrepancy, Bond et al. commented the Lick result "is probably to be preferred." In the present study, because the Lick velocities are a majority of the Bond et al. velocities and because they are more accurate than the others, we will make use of them alone, and henceforth when we discuss the orbital elements determined by Bond et al., they will be those from their Lick velocities.
16 Psc
This star has a combined spectral type of F6Vb vw (Barry 1970) , an orbital period of 45.5 days, and an eccentric orbit (e = 0.37). Its duplicity was discovered by Cayrel de Strobel (1968) , who also made a preliminary determination of the orbit. Later Cayrel de Strobel et al. (1974) reported a thorough redetermination of the orbit, based on the 13 spectrograms used for the preliminary determination plus an additional 26 spectrograms, all of which were obtained with the coudé spectrographs of the 1.9 and 1.5 m telescopes at Haute Provence Observatory in the years [1967] [1968] [1969] [1970] . In commenting on their velocity curves and orbital solution, they remarked on possible systematic departures of the radial velocities of the secondary from its computed velocity curve and speculated that these nonKeplerian velocities might be signs of gaseous streams or a gaseous ring associated with one or both components.
We also note the Thompson & Yeelin (2006) video recording of an occultation of 16 Psc by the asteriod 7 Iris on 2006 May 5 (UT date), which showed a stepped disappearance and reappearance and thus confirmed the duplicity of 16 Psc in a direct fashion quite independent of the knowledge long vouchsafed by spectroscopy.
OBSERVATIONS AND RADIAL VELOCITIES
Our observations were made at McDonald Observatory and KPNO from 2002 to 2007. The McDonald observations were acquired with the 2.1 m telescope, the Sandiford Cassegrain echelle spectrograph (McCarthy et al. 1993) , and a Reticon CCD. The spectrograms cover the wavelength range 5700-7000 Å and have a resolving power of 49,000. The observations at KPNO were obtained with the coudé feed telescope, coudé spectrograph, and a TI CCD detector. All the spectrograms were centered at 6430 Å, cover a wavelength range of about 80 Å, and have a resolution of 0.21 Å or a resolving power of just over 30,000. Further details about the observations and data reduction are given in Tomkin & Fekel (2006) .
The spectra of the three systems are double-lined and, at most orbital phases, the secondary lines are well separated from their primary counterparts. As already noted, in HD 214686 the primary and secondary line strengths are almost identical and in HR 2962 and 16 Psc they are not greatly different, thus in all three cases the primary and secondary stars are represented by numerous lines. The procedures used to measure the McDonald and KPNO radial velocities were described in our earlier paper. Here we content ourselves with recalling that the McDonald velocities are absolute velocities, which were set on a secure rest scale by means of the telluric O 2 and H 2 O lines embedded in the stellar spectra. The KPNO velocities were determined by cross-correlation with respect to IAU radial velocity standard stars of the same or similar spectral type as the program stars. The velocities adopted for those standards are from Scarfe et al. (1990) . A comparison of the McDonald and KPNO velocities done in our earlier paper showed that they are consistent with each other to within 0.1-0.2 km s −1 or better, so we decided, therefore, not to adjust either set of velocities, and we have likewise abstained from making any adjustment here. Table 2 gives the calendar dates, heliocentric Julian Dates, and heliocentric radial velocities for the McDonald and KPNO observations. Also given are the weights for the radial velocities categorized according to whether they are primary or secondary velocities and the telescope used.
DETERMINATION OF ORBITS AND RESULTS

HR 2962
Although our new radial velocities are much more precise than those of Harper (1926) , the combination of the two provides Note. a Solution of the new radial velocities alone with the period fixed at the value determined from a solution of the new radial velocities and those of Harper (1926) combined.
a much longer time base than ours alone, so we decided to make initial solutions of our velocities alone and our and Harper's velocities combined. These showed that our velocities alone give more accurate results for all orbital elements, except for the period, which is better determined in the combined solution.
We therefore adopted a solution of the new velocities alone with the period fixed at the value (P = 31.49978 ± 0.00026 days) determined from the initial combined solution. Table 3 gives the resulting orbital elements and, for comparison, those of Harper (1926) , and Figure 1 shows the new primary and secondary velocities and the calculated velocity curves. It will be seen that the primary, which has somewhat broadened lines, has a slightly ragged velocity curve, while the secondary, which has narrow lines, has an extremely crisp one. Inspection of Table 3 shows that our new orbital elements are much more precise than Harper's and, within the errors, are entirely consistent with his.
HD 214686
We have already reviewed the earlier determinations of the spectroscopic orbit of this system by Sanford (1931) and Bond et al. (1978) . Although the combination of Sandford's, Bond et al.'s, and our velocities would provide the longest time base, it would only be about twice as long as the ∼35 year time base Initial solutions of the new velocities alone and the new velocities combined with the Lick velocities showed that all orbital elements are better determined in the combined solution, with the improvement being most marked for the period determination. We adopted, therefore, this solution of the new and Lick velocities together as the final solution; its orbital elements are given in Table 4 , and Figure 2 shows the primary and secondary velocities and the calculated velocity curves. Both velocity curves are very well defined and provide precise orbital elements. Inspection of Table 4 shows our new orbital elements and those for the Lick solution of Bond et al. are quite consistent. One also sees that K 1 and K 2 are extremely similar so that the mass ratio (m 1 /m 2 = 1.0080 ± 0.0013) is very close to 1.0. Nonetheless it is sufficiently different from 1.0, considering the error, that we can be sure that the primary is the more massive component, as is expected for a binary composed of a pair of main-sequence stars. Tokovinin et al. (2006) included HD 214686 in a sample of 165 solar-type short-period binaries that were examined for additional components. They observed HD 214686 with an adaptive optics system but found no evidence of a third, more widely separated component. However, their note for this binary cryptically states "SB3?." Our orbital elements, determined from the combined set of velocities, are in excellent agreement with the previous solution of the Lick velocities alone (Bond et al. 1978 ) and thus, provide no spectroscopic evidence of a third component.
16 Psc
As we have seen, Cayrel de Strobel et al. (1974) first determined this system's spectroscopic orbit using radial velocities from observations made at Haute Provence Observatory between 1967 and 1970. The first step, therefore, was to see if their velocities might usefully be combined with our new ones, and to this end we made preliminary solutions of the new velocities alone and the new and Haute Provence velocities combined. This showed the new velocities alone give better results for all orbital elements, with the exception of the period which is better determined in the combined solution. We therefore fixed the period at the value (P = 45.45850 ± 0.00024 days) from the combined solution and solved the new velocities alone for the other orbital elements. These new elements, along with the earlier ones of Cayrel de Strobel et al., are given in Table 5 , and Figure 3 shows the primary and secondary velocities and the calculated velocity curves. Our new elements and those of Cayrel de Strobel et al. are quite consistent with each other, but we note that their value of (m 1 +m 2 ) sin 3 i (= 3.49 M ) must be a gross overestimate; the actual value, implied by both their and our elements, is close to 2.1 M (see Table 5 notes). The good agreement of the observed and calculated primary and secondary velocities, shown in Figure 3 , leaves no room for the non-Keplerian effects in the secondary velocities reported by Cayrel de Strobel et al. and argues against the presence of gaseous streams or a gaseous ring. Strassmeier & Fekel (1990) identified several luminositysensitive and temperature-sensitive line ratios in the 6430-6465 Å region. They employed those critical line ratios and the general appearance of the spectrum as spectral-type criteria. However, for stars that are hotter than early-G spectral class, the line ratios in that wavelength region have little sensitivity to luminosity. Thus, for the F stars of our three systems, we have used the entire 80 Å spectral region of our KPNO observations to estimate just the spectral classes of the individual components. The luminosity class may be determined by computing the absolute visual magnitude with the Hipparcos parallax and comparing that magnitude to evolutionary tracks or a table of canonical values for giants and dwarfs. Spectra of our three binaries were compared with the spectra of a number of F-type stars primarily from the lists of Abt & Morrell (1995 ), Fekel (1997 , and Gray (1989) . The referencestar spectra were obtained at KPNO with the same telescope, spectrograph, and detector as our binary-star spectra. To facilitate a comparison, various combinations of the reference-star spectra were rotationally broadened, shifted in radial velocity, appropriately weighted, and added together with a computer program developed by Huenemoerder & Barden (1984) and Barden (1985) in an attempt to reproduce the binary spectra.
SPECTRAL TYPES AND MAGNITUDE DIFFERENCE
The resulting best spectrum addition model is used to determine the continuum intensity ratio of the binary components at 6430 Å, a wavelength that is about 0.6 of the way between the central wavelengths of the Johnson V and R bandpasses. If the two stars have very similar spectral types, this intensity ratio is also the luminosity ratio and, thus, can be converted directly into a magnitude difference. However, if the lines of the secondary are intrinsically stronger than those of the primary, as would be the case, for example, if the components were main sequence stars of rather different spectral types, then the continuum intensity ratio results in a minimum magnitude difference.
HR 2962
Spectral classifications of HR 2962 range from F2 V: by Bidelman (Abt & Bidelman 1969) to F6 III (Cowley 1976 ) and F7 Va (Barry 1970) , while Cowley & Bidelman (1979) and Abt & Morrell (1995) (Taylor 2005) ) produces excellent fits to the individual components. However, a simultaneous fit to both components results in a model spectrum with lines that are too weak. Thus, the system is apparently slightly metal rich compared to the Sun.
The continuum intensity ratio of the secondary/primary is 0.449. Given the similar spectral classes of the two components, we adopt this value as the luminosity ratio, which produces a magnitude difference of 0.87 with an estimated uncertainty of 0.1. This is also assumed to be the V magnitude difference. This difference and the Hipparcos parallax (Perryman et al. 1997 ) result in the absolute visual magnitudes determined in Section 5.1, which indicate that although the secondary is clearly a dwarf, the primary has begun to evolve significantly, and so we call it a subgiant. Thus, we classify the primary as an F5 subgiant and the secondary as an F5 dwarf.
HD 214686
The only MK classification of HD 214686 is that of Harlan (1974) , who found the combined system to be of type F8 IV. Bond et al. (1978) noted that the lines of the components are essentially identical, a result that our relatively high signalto-noise spectra confirm. Thus, in our spectrum fits we used the same reference star for both components. We tried models with several stars that have spectral classes near F8 but slightly different iron abundances. Of those stars, the spectrum of HR 5694 (F8 IV-V (Johnson & Morgan 1953 ) and mean [Fe/H] = −0.09 Taylor (2005)) provided an excellent fit to both components. The continuum intensity ratio of that fit is 0.961. Because the spectral classes of the two stars are identical, this value is also the luminosity ratio and produces a magnitude difference of 0.04 ± 0.05 (estimated uncertainty), which we adopt as the V magnitude difference. We classify each star as an F8 dwarf, based on a comparison of its absolute visual magnitude, determined in Section 5.2, with the canonical values given by Gray (1992) . The iron abundance of the best reference star suggests that the iron abundance of HD 214686 is slightly less than the solar value.
16 Psc
From Strömgren photometry results Cayrel de Strobel (1968) noted that 16 Psc is metal deficient, and soon afterward, Barry (1970) classified the composite system as F6 Vb vw, where the latter two letters indicate a star with very weak metal lines. Gray (1989) similarly found an F6 V spectral type and also specifically noted that 16 Psc is significantly metal deficient. On the other hand, Harlan (1974) and Abt & Morrell (1995) produced classifications that were three or four subclasses earlier, apparently accounting for the metal deficiency by assigning the system an earlier spectral class. The indications that 16 Psc is a metal-weak system provided a general starting point for our determination.
Although the more massive primary star has the slightly stronger and broader lines, the lines of the two components are generally similar, and so we have used the same comparison star for each component. Although we have a more limited selection of metal poor reference stars, we were able to compare the components of 16 Psc with HR 3262 (F6 V (Cowley 1976 ) and mean [Fe/H] = −0.31 (Taylor 2005) ) and with HR 4657 (F7 V m−2 (Gray 1989 ) and mean [Fe/H] = − 0.7 (Taylor 2005) ). The former reference star spectrum can be adjusted to fit the individual components rather well, but a simultaneous fit to both components produces lines that are too strong. A fit to both components of 16 Psc with the more metal poor reference star results in lines that are too weak. To examine the possibility that a star with solar abundances but earlier spectral type might be appropriate, we also compared the spectrum of 16 Psc with that of HR 5075 (F2 V (Abt & Morrell 1995) and [Fe/H] = −0.04 (Boesgaard & Tripicco 1986) ). While many of the lines had approximately the right depths, some important line ratios are not correct. From these various comparisons, we estimate a spectral class of F6/7 for each component and conclude that the system is indeed metal poor with [Fe/H] ∼ −0.5.
The continuum intensity ratio of the secondary/primary is 0.802. Given the similarity of the two components, we adopt this value as the luminosity ratio, which produces a magnitude difference of 0.24 with an estimated uncertainty of 0.1. This is also assumed to be the V magnitude difference. This difference and the Hipparcos parallax (Perryman et al. 1997 ) result in the absolute visual magnitudes determined in Section 5.3, which indicate that both components are dwarfs.
CIRCULARIZATION AND SYNCHRONIZATION
The two main theories of orbital circularization and rotational synchronization (e.g., Zahn 1977; Tassoul & Tassoul 1992 ) disagree significantly on absolute timescales but do agree that synchronization should occur first. The three systems discussed here have orbital periods between 21.7 and 41.5 days and eccentric rather than circular orbits. Duquennoy & Mayor (1991) examined the multiplicity of solar-type stars in the solar neighborhood. They found that while systems with periods 10 days had circular orbits, longer period orbits are generally eccentric. Thus, it is not surprising that our three systems have orbits with moderate eccentricities. Hut (1981) has shown that in an eccentric orbit a star's rotational angular velocity will tend to synchronize with that of the orbital motion at periastron, a condition called pseudosynchronous rotation. With Equation (42) of Hut (1981) , we calculated pseudosynchronous periods for the three systems.
Determining whether a component is pseudosynchronously rotating requires a measurement of its rotational velocity. We have obtained projected rotational velocities from our redwavelength KPNO spectra with the procedure of Fekel (1997) . His results for v sin i values near 5 km s −1 (Table 1, Fekel 1997 ) are in good agreement with those of other groups. The unknown rotational inclination is generally assumed to be equal to the orbital inclination. The latter has been estimated by comparing our minimum masses with the expected mass for a given spectral type, tabulated in Table B1 of Gray (1992) .
HR 2962
To determine if the components of HR 2962 are pseudosynchronously rotating, we must first estimate their radii. Since the system is not a known eclipsing binary, we obtain the radii from the Stefan-Boltzmann law. From the Hipparcos catalog (Perryman et al. 1997 ) the V magnitude and B − V color of the HR 2962 system are 6.05 and 0.469, respectively. The Hipparcos parallax of 18.31 ± 0.095 mas (Perryman et al. 1997) corresponds to a distance of 55 ± 3 pc, and so we have assumed no interstellar reddening. As a result, the parallax, the V magnitude, and the adopted V magnitude difference of 0.87 Vol. 135 (Section 4.1) were combined to obtain absolute magnitudes M V = 2.76 ± 0.12 mag and M V = 3.63 ± 0.12 mag for the primary and secondary, respectively. Because the components are nearly identical in spectral class, we adopted the observed B − V color of 0.469 (Perryman et al. 1997) for both components and then used Table 3 of Flower (1996) to obtain the bolometric corrections and effective temperatures of the two components. With adopted effective temperatures of 6,413 K and estimated uncertainties of 150 K for the two stars, the resulting luminosities of the primary and secondary are L 1 = 6.2 ± 0.7 L and L 2 = 2.8 ± 0.3 L , respectively, while the radii are R 1 = 2.03 ± 0.15 R and R 2 = 1.36 ± 0.10 R , respectively. The uncertainties in the computed quantities are dominated by the parallax uncertainty plus, to a lesser extent, the effective temperature uncertainty.
The orbit of HR 2962 has a modest eccentricity of 0.195, which results in a pseudosynchronous period of 25.6 days. Combining the pseudosynchronous period and the above radii, we obtain pseudosynchronous rotational velocities of 4.0 and 2.7 km s −1 for the primary and secondary, respectively. For HR 2962 our v sin i values, averaged from four spectra, are 38.3 ± 2.0 and 4.9 ± 1.0 km s −1 for the primary and secondary, respectively.
The minimum masses of the two components are relatively large, indicating that the orbital inclination is not too far from 90
• . Indeed, the minimum mass of the F5 dwarf secondary is greater than its expected value (Gray 1992) . However, the 31.5 day orbital period makes the possibility of eclipses unlikely. Adopting a somewhat smaller inclination of 80
• does not significantly increase our projected rotational velocities. Given the uncertainty in our v sin i value for the secondary, that component may be rotating slightly faster than pseudosynchronous, while the primary is clearly rotating much more rapidly. The canonical masses for various spectral types (Gray 1992) suggest that the primary likely began its main sequence life as a late-A-type star.
HD 214686
Similar to HR 2962, the answer to the question of whether the components of HD 214686 are pseudosynchronously rotating begins with estimates of the components' radii. From the Hipparcos catalog (Perryman et al. 1997 ) the V magnitude and B − V color of the HD 214686 system are 6.89 and 0.513, respectively. The Hipparcos parallax of 19.49 ± 1.19 mas (Perryman et al. 1997) corresponds to a distance of 51 ± 3 pc, and so we have assumed no interstellar reddening. As a result, the parallax, the V magnitude, and the adopted V magnitude difference of 0.04 (Section 4.2) were combined to obtain absolute magnitudes M V = 4.07 ± 0.13 mag and M V = 4.11 ± 0.13 mag for the primary and secondary, respectively. Because the components are nearly identical, we adopted the observed B − V color of 0.513 (Perryman et al. 1997) for both components and then used Table 3 of Flower (1996) to obtain the bolometric corrections and effective temperatures of the two components. With adopted effective temperatures of 6,227 K and estimated uncertainties of 100 K for the two stars, the resulting luminosities of the primary and secondary are L 1 = 1.9 ± 0.2 L and L 2 = 1.8 ± 0.2 L , respectively, while the radii are R 1 = 1.19 ± 0.08 R and R 2 = 1.17 ± 0.08 R , respectively. The uncertainties in the computed quantities are dominated by the parallax uncertainty plus, to a lesser extent, the effective temperature uncertainty.
Because the orbit of HD 214686 has a moderately large eccentricity of 0.407, the pseudosynchronous period of 10.39 days is less than half of the orbital period. Combining the pseudosynchronous period and the above radii, we obtain pseudosynchronous rotational velocities of 5.8 and 5.7 km s −1 for the primary and secondary, respectively. For HD 214686 our v sin i values, averaged from ten spectra, are 4.3 ± 1.0 and 5.1 ± 1.0 km s −1 for the primary and secondary, respectively. While the estimated uncertainties result in overlapping v sin i values, in every spectrum measured the primary's lines were narrower than the secondary's, and therefore, we believe that the primary really does have the smaller projected rotational velocity. The minimum masses of the components are close to the canonical value for F8 dwarfs (Gray 1992) , and so they suggest that the orbital inclination is not far from 90
• . Bond et al. (1978) provided ephemerides for possible eclipses, and from our orbital elements we find that eclipses require an orbital inclination 87
• . From the limited amount of Hipparcos photometry, the Hipparcos team gave the variability type of HD 214686 as constant (Perryman et al. 1997) , so there was no obvious evidence of eclipses in their data. For comparison purposes we adopt a somewhat smaller, but still rather high, inclination of 80
• . This value for the orbital inclination and the assumption that the rotational inclination has the same value, produces equatorial velocities of 4.4 and 5.2 km s −1 . Thus, the estimated rotational velocities are similar to the pseudosynchronous velocities, with the primary rotating perhaps slightly slower than its pseudosynchronous velocity, while the secondary may be rotating pseudosynchronously.
16 Psc
To see if the components of 16 Psc are pseudosynchronously rotating, we once again need to estimate the radii of the components. From the Hipparcos catalog (Perryman et al. 1997 ) the V magnitude and B − V color of the 16 Psc system are 5.69 and 0.449, respectively. The Hipparcos parallax of 32.27 ± 0.84 mas (Perryman et al. 1997) corresponds to a distance of 31.0 ± 0.8 pc, and so we have assumed no interstellar reddening. As a result, the parallax, the V magnitude, and the adopted V magnitude difference of 0.24 (Section 4.3) were combined to obtain absolute magnitudes M V = 3.86 ± 0.06 mag and M V = 4.10 ± 0.06 mag for the primary and secondary, respectively. Because the components are nearly identical, we initially adopted the observed B − V color of 0.449 (Perryman et al. 1997 ) for both components. However, B − V is affected by metallicity (e.g., Gray 1994) , and so we corrected for this effect with Gray's Equation (3), which produces B − V = 0.51. We then used this corrected color and Table 3 of Flower (1996) to obtain the bolometric corrections and effective temperatures of the two components. With adopted effective temperatures of 6,239 K and estimated uncertainties of 150 K for the two stars, the resulting luminosities of the primary and secondary are L 1 = 2.3 ± 0.1 L and L 2 = 1.8 ± 0.1 L , respectively, while the radii are R 1 = 1.30 ± 0.07 R and R 2 = 1.16 ± 0.07 R , respectively. The uncertainties in the computed quantities are dominated by the parallax uncertainty plus, to a lesser extent, the effective temperature uncertainty.
Because the orbit of 16 Psc has a moderately large eccentricity of 0.380, the pseudosynchronous period of 23.55 days is nearly one-half that of the orbital period. Combining the pseudosynchronous period and the above radii, we obtain pseudosynchronous rotational velocities of 2.8 and 2.5 km s −1 for the primary and secondary, respectively. For 16 Psc our v sin i values, averaged from ten spectra, are 9.5 ± 1.0 and 6.3 ± 1.0 km s −1 for the primary and secondary, respectively. Thus, both components are clearly rotating more rapidly than the pseudosynchronous rates.
The minimum masses of both components are greater than 1 M , suggesting a moderately high orbital and presumably similar rotational inclination. An orbital inclination of 70
• results in masses of 1.31 and 1.24 M , which correspond to spectral types F5 V and F7 V, respectively (Gray 1992) , in good agreement with the spectral type of the combined system.
SUMMARY
We have determined new and precise spectroscopic orbits for the bright double-lined spectroscopic binaries HR 2962, HD 214686, and 16 Psc. The linear sizes of the relative orbits (a sin i), which are (42.17 ± 0.13) × 10 6 km (HR 2962), (30.250 ± 0.021) × 10 6 km (HD 214686), and (47.83 ± 0.07) × 10 6 km (16 Psc), combined with the distances (Table 1) lead to corresponding angular sizes of the apparent orbits of 5.2 mas for HR 2962, 3.9 mas for HD 214686, and 10.3 mas for 16 Psc. Angular separations of this sort are well within the scope of modern optical interferometers so when our spectroscopic results are complemented by prospective highquality interferometric results accurate three-dimensional orbits, masses, and distances for the systems will follow. In the case of HD 214686, which has a mass ratio very close to 1.0 and for which there was some doubt as to which component is the more massive, we find that the primary is, indeed, the more massive component, as expected for a binary composed of two main-sequence stars. We find that the components of all three systems are rotating at pseudosynchronous rates or faster.
